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Outline {sesa
L
e Practical ﬁ 4

 High-precision Model-based AR Tracking

 Multi-modal AR Application for Rover Operation

* VR for Astronaut Training

* Integration of AR/VR with ESA Software
 Conceptual

« Agile-like Workflow/Development Processes

 Use Case ldentification and Details Development

 Use Case ldeas and Taxonomies
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AR Tracking
 “HoloLens Tracking” ﬂ%
| |

 Track “Room” \ % _.
« Detect “Surfaces” '
¢ Model-based Tracking ) A

 Track Objects
« 3D-Model of Object
“Find Edges”

 Initialisation

‘ '
A

« Tracking

* VisionLib
(Fraunhofer 1GD/
Visometry GmbH)
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AR Tracking

“HoloLens Tracking”

Track “Room”
Detect “Surfaces”

Model-based Tracking

Track Objects
3D-Model of Object
“Find Edges”
Initialisation
Tracking

VisionLib
(Fraunhofer 1GD/
Visometry GmbH)
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Interactive Training/Manual PoC — Tracking Precision \‘Q‘k

eSd
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Interactive Training/Manual PoC — Visualisation \‘K eSa

| (T
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Interactive Training/Manual PoC — Visualisation

]

LR
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Interactive Training/Manual PoC — Visualisation \‘QM eSa
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Multi-modal AR Application for Rover Operation

« EAC

e Astronaut & Rover on
Celestial Body Surface

e Track Real Rover

e ESOC
e No Real Rover at AR User

* Virtual Rover Model
& HoloLens Tracking

« Scalable View:
Detail & Overview Display
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Spacecraft Orbiting

Celestial Body Surface Celestial Body

Broker
Rover (Space)
TC ™
Holo 1M/
Lens TC
|
AR
Support
Astronaut Equipment
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Multi-modal AR Application for Rover Operation

e EAC

Astronaut & Rover on

Celestial Body Surface
Track Real Rover

« ESOC

No Real Rover at AR User

Virtual Rover Model
& HoloLens Tracking

Scalable View:
Detail & Overview Display
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Celestial Body Spacecraft Orbiting

Surface Celestial Body
Broker
Rover (Space)

MRS
(Space)
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Ground Control

AR Sup. Equip.

Operator
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Rover Operation Proof-of-Concept

—
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Rover Operation Proof-of-Concept de esa
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VR for Astronaut Training

* Virtual Lunar Base, Fire Emergency Training
* Users/Roles
e Astronaut
e Operator

 Trainer
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VR for Astronaut Training

* Virtual Lunar Base, Fire Emergency Training E
a

 Users/Roles

e Astronaut
Trainee, in VR

* Operator

 Trainer
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VR for Astronaut Training \
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[ =is_alarmsystem | VUB_PowsrSystem &1

 Users/Roles “ox Bl =ox
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* Virtual Lunar Base, Fire Emergency Training r /
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2ulu Time Zulu Time
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| b Voltaga Lavels = x [ Curent Levels =px kg
o e value Uniks  ype o e value unts | ype B Commands: VLB_SWITCH_EC_OFF - Switch the given Electrical Circuit off.
o |ul v Double @ | A |ooubse ||| 0 . R .
L | v ol |2 |e A |atie || 3 WLB_SWITCH_EC_OMN - Switch the given Electrical Circuit on.
2- |ba v ok ff}2 0 A | Dacche VLB_SetElementStatus - Set the Status of a VLB Element
3 | [eL] v Double 3 | L] A |Douhle | -

em—p— [ ||| ||| VLB_Test - Simple Test Command for the VLB

Insert Cmd.
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VR for Astronaut Training ‘\\&\Qsesa
* Virtual Lunar Base, Fire Emergency Training ﬁ %

« Users/Roles |
% Script Execution View 53 ® bl B2 = O

« Astronaut -
Start Fire Start Fire 4+ 4+0
® Ope rator Increase Fire Increase Fire 4 | | & H

 Trainer
Prepare & Supervise Training

[~ Simulation Inputs Outputs View £ E® = 0
Simulation Inputs Simulation Qutputs
Name Data Type Data Path Name Data Type Data Path
ElectricalCircuitStatus1l OCTET GPGPU/lunz | | FireAlarmStatus OCTET[2] GPGPU/lunar_base
ElectricalCircuitStatus2! OCTET GPGPU/lunz| | VentilationSystemStatus: OCTET[2] GPGPU/lunar_base
ElectricalCircuitStatus3, OCTET GPGPU/lunz | | FireDeltaTemperaturel ; REAL GPGPU/lunar_base
ElectricalCircuitStatus4. OCTET GPGPU/lunz | | FireDeltaTemperature2 : REAL GPGPU/lunar_base
ExtinguisherStatus1 OCTET GPGPU/lunz | | FireDeltaTemperature3 | REAL GPGPU/lunar_base
ExtinguisherStatus2 OCTET GPGPU/lunz | | FireDeltaTemperature4 : REAL GPGPU/lunar_base
ExtinguisherStatus3 OCTET GPGPU/lunz | | FireSeverityl REAL GPGPU/lunar_base
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VR for Astronaut Training Models

* Behavioural
« MATLAB (Development)
* SIMSAT (Run-time)
« 3D
e Unity
(Develop. & Run-time)
* Elements

N
LR

« Racks

* Buttons, Status Display, ...

Mod. A ELA Mod.B EI.B Val. AVal.B

* Fire Extinguishers

Translation ) (é;
Mapping

l+

vl Light bh1  lamp ON 1
OFF 0 -
°

vrl LigthSw bh1 switch ON  TRUE

- OFF FALSE )_/
Interaction

VR Model Mapping Behavioural

Model
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Integration of VR with ESA Software

.
N o

- Preparation - Run-time

VR
Application VR
Hardware

1/O
Info.

'
I/0)  ecedececcees

Behavioural
Simulation

Runtime Interaction

=e=) Preparation Artefact Deployment —
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Integration of AR with ESA Software \K\\.es

HoloLens m

Rover
AR User (Real/Simulated)

N o

Visualisation (out) 1t

Interaction (in) TM‘ TC
N

o w o &
235 AR Application Broker MRS g ©
73 w ©
TM/TC Rov. Rov.
MQTT (JSON UTF-8) ™ TC
AR

N TM/TC ¥ ) /
i TM/TC
Mess_age-orlented ' MOE Adapter -
Middleware OpenWire

(JSON UTF-8)

Ground
Control

AR Support
Equipment
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Integration of AR/VR with ESA Software

.
N o

e Virtual Reality (VR) Study

Web-based Prototype
(Firefox, A-Frame,
JavaScript, Windows)

VR
(Unity, C#, Windows)

Non-space Components

.Space Systems/Standards”

MOE

SIMSAT _
(C++, CORBA, Linux) &) (Java, WebServices,
# ¥

CCSDS-MO, Linux)
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Integration of AR/VR with ESA Software \=C

VR Web-based Prot. l ﬂ

: (A-Frame,
(Unity, C#) JavaScript)

=
q?—‘

0
LR

SIMSAT MOE
(C++, CORBA) FELEY
CCSDS-MO)
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Integration of AR/VR with ESA Software \&;—.esa
T =
VR Web-based Prot. ﬂ %
: (A-Frame,
(Unity, C#) JavaScript)
OpenWire
STOMP
b
Adapter
A
CORBA
v
SIMSAT MOE
(C++, CORBA) (A
CCSDS-MO)
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Integration of AR/VR with ESA Software (ze

VR Web-based Prot. | ﬂ

/[

//{("{//

(Unity, C#) (A-Frame,
r JavaScript)
OpenWire
""“
STOMP TS
\ 2 .
Adapter “el
A Se.
CORBA ~
\!" "\3
SIMSAT MOE
(C++, CORBA) €Tmmmmmmmmmmmmmsmoomoosssoes > law,
CCSDS-MO)
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Integration of AR/VR with ESA Software {zesa
T =
VR Web-based Prot. ﬂ %
. (A-Frame,
(Unity, C#) JavaScript)
OpenWire
OpenWire
STOMP
w
Ad:e:.[::ter Adapter
CORBA J, ,CCSDS-MO* I
SIMSAT MOE
(C++, CORBA) Uava,
CCSDS-MO)
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Integration of AR/VR with ESA Software

VR
(Unity, CH)

OpenWire

STOMP

Adapter
CORBA I

SIMSAT
(C++, CORBA)
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Web-based Prot.
(A-Frame,
JavaScript)

STOMP via
WebSockets

OpenWire

Adapter
,CCSDS-MQO“ I

MOE

(Java,
CCSDS-MO)
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Integration of AR/VR with ESA Software

VR
(Unity, C#)

OpenWire

STOMP

Adapter
CORBA I

SIMSAT
(C++, CORBA)
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AR Web-based Prot. ‘-l 4
i (A-Frame,
{Unity, C& JavaScript)
STOMP via
WebSockets
OpenWire

Adapter
,CCSDS-MO“ I
MOE
(Java,
CCSDS-MO)
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Integration of AR/VR with ESA Software \\&\;—esa
T g =
VR AR Web-based Prot. ‘-. %
Desktop HoloLens {A-Frame,
JavaScript)
OpenWire STOMP via
WebSockets
STOMP OpenWire
Adapter Adapter
CORBA I ,CCSDS-MO* I
SIMSAT MOE
(C++, CORBA) Hava,
CCSDS-MO)
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Integration of AR/VR with ESA Software \\&\;—esa
T' ; ?
VR AR Web-based Prot. ‘-. %
Desktop HoloLens {A-Frame,
JavaScript)
OpenWire STOMP via
WebSockets
STOMP OpenWire
Adapter Adapter
CORBA I ,CCSDS-MO* I
SIMSAT MOE
(C++, CORBA) Hava,
CCSDS-MO)
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Agile-like Workflow/Development Processes

.
N o

e Concept Definition (Use Cases / Applications)
« Technologies & Integration Assessment
e Practical Assessment

e -=> Proof of Concept (PoC)

Phase 1 Phase 2
Technology
Assessment /P C\
o}

p==® Workshop ~———> Development
& Assessment

Concept \ /
Definition
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Agile-like Workflow/Development Processes & eSa
. o ) . —
Concept Definition (Use Cases / Applications) m %

 “Open”: Broader Scope than the PoC
 Technologies & Integration

* VR/AR & ESA Systems
* Practical Assessment -> Proof of Concept (PoC)

 Selected Use Case(s)

Phase 1 Phase 2
Technology
Assessment /P C\
o}

p==® Workshop ~———> Development
& Assessment

Concept \ /
Definition
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Use Case ldentification and Details Development

* Interviews/Mini-workshops

.
N o

e Two Parts
e ldeation
* High-level Ideas for Application Scenarios
« Derivation/Definition
* More Details about (Selected) High-level Application Scenarios
« “Open”
 Broad Scope
* Not Limited by PoC Considerations
A Basis for Future Activities
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Ideation “Raw” Results Examples
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Application Scenario “Taxonomy”

* Application Domain

.
N o

e Mission Control

* Robotic Operation

* Virtual Lunar Base (EVA)
 Goal of the Scenario

e Training

* Planning

* Operations
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High-level Scenarios

 Training

* Interactive Training/Manuals

« Virtual (AR) Representation 2 M = T ~—
o : > J

of Training Instructions/ - A -

f g

Manual A )

* Interactively show - R

procedures/steps.

* Overlay instructions
with real world.
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High-level Scenarios (Continued)

LR

* Planning

 Rover Operations Planning

e AR Scene with
Rover & Environment

« Scientists Mark
* Operators Plan
 Managers Verify

e Multi-user?
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High-level Scenarios (Continued)

* Operations
e Spacecraft Operations r

* Analyse Situation

 Plan Next Steps
e Multi-user?
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Conclusion & Outlook
e VR

 Immersive Training (“Costly” Scenarios)

.
N o

 Planning (e.g., Mars/Moon Rover Operations)
« AR
* Interactive Training/Manual (Near Future?)
 Cooperative Scenarios with Multiple Users
* User Experience of Devices
« VR more Mature
AR Headsets still Somewhat Uncomfortable

 Challenge: Bridge the Gap between Users and Technology.
Users - Utility € Technology

 Further activities are beneficial.
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End

| (T

Thank you very much for your attention.

Questions?

Ruediger Gad for the VR & AR Study Teams

ruga@terma.com
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